Although relatively difficult to prepare and store, sterile peritoneal dialysis solutions containing bicarbonate, calcium and magnesium may at times be needed (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) , For example, one may have to dialyze a uremic patient who has developed hypotension and lactic acidosis, In such a patient, the lactate or acetate in conventional dialysates may not be metabolized to bicarbonate because of tissue hypoxia, and acidosis may be further worsened because bicarbonate is removed during dialysis (11) (12) (13) (14) . Using bicarbonate-containing dialysate in such a patient will add bicarbonate to the blood and also remove lactate (12) (13) (14) . For these reasons, some authors have recommended bicarbonate-buffered peritoneal dialysis as adjunctive treatment for severe lactic acidosis (13) . Another potential application may be for patients who experience abdominal pain or discomfort when conventional acetateor lactate-buffered peritoneal dialysates are infused. The abdominal pain may be related to the unphysiologically high acidity [e.g., with a pH as low as 5.2 (15) ] of acetateand lactate-buffered dialysates (16) . Conceivably, bicarbonate-buffered peritoneal dialysate, with its more physiologic pH, might decrease the incidence of such symptoms.
Since the basic principles for preparing bicarbonatebuffered dialysate for peritoneal dialysis are the same as those for hemodialysis, a brief review of methods to prepare bicarbonate-buffered hemodialysate is in order.
METHODS OF PREPARING BICARBONATE-BUFFERED DIALYSATE FOR HEMODIALYSIS

Batch Method
The International Journal Of Artificial Organs / Vol. 8 no. 3, 1985/ p.p. 121-124 and magnesium carbonates according to the reaction illustrated (for calcium) below: soluble soluble insoluble CaCI2 + 2NaHC03~2NaCI + Ca (HC03)2~CaC03 + + H20 + C02 + 2NaCI
Formation of the insoluble carbonate salts is prevented by increasing dialysate PC02 before adding calcium and magnesium chlorides to the bath. Dialysate PC02 can be increased by adding a small amount of acid (e.g., approximately 2 to 3.5 millimoles/L of lactic, acetic or hydrochloric acid) to the bicarbonate-containing solution (17, 18) . The acid reacts with bicarbonate to form carbon dioxide and water (19, 20) . The resultant PC02 lowers the pH below 7.6 (e.g., with a bicarbonate of millimoles/L and a PC02 of 70 mm Hg, the pHwili be 7.32). Such a pH will allow the divalent cations to come into solution (18, 21) . As long as such a pH is maintained, the reaction series illustrated above will be sufficiently driven to the left to prevent formation of the insoluble carbonate salts.
The pH bicarbonate-buffered dialysate exposed to air is unstable, because volatile carbon dioxide can escape by diffusing into the atmosphere causing the dialysate to become more alkaline. The reaction illustrated above can then proceed to the right, and precipitation of the insoluble carbonate salts can occur (19) . The problem of carbon dioxide escape can be overcome by constantly bubbling carbon dioxide (5-10%) through the dialysate (3,17).
Three-stream Method Using Dialysate Concentrates
The principles underlying the batch method also apply to dialysate delivery systems that use concentrates. One popular proportioning delivery system has three streams: two for concentrates (one "acid", one bicarbonate-containing) and one for water (19) . When three streams meet, fresh dialysate at a correct pH, PC02 and bicarbonate is produced on-line (the high dialysate PC02 is again generated by the small amount of acid in one concentrate reacting with an equivalent amount of sodium bicarbonate in the other). As the freshly prepared dialysate is used immediately, measures to maintain the high PC02 are not necessary.
There are several ways to prepare bicarbonate-containing peritoneal dialysate. The methods are slightly With the batch method, all components of the bicarbonate-buffered dialysate are dissolved in the appropriate final volume of water with the exception of the calcium and magnesium salts. The latter, if added at the same time, would precipitate to form insoluble calcium
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Bicarbonate-buffered peritoneal more complex because peritoneal dialysate must be sterile. When autoclaving is used for sterilization, the bicarbonate and glucose components must be autoclaved separately because bicarbonate and glucose can react to form toxic products when autoclaved together (1) . 
SODIUM
Two-stream Method
This method (8) is suitable for intermittent (manual variety) (22) , continuous ambulatory (23) and continuous cyclic peritoneal dialysis (24) . All these techniques usually require only two liters of fluid per exchange. To prepare two liters of dialysate containing 40 millimoles/L of bicarbonate, one mixes aseptically and anaerobically 87 mL of an 8.4% (1 millimole/mL) sodium bicarbonate solution from one container (a glass bottle or a plastic bag) with 1,913 mL of an "acid" solution form a second container (ideally a plastic bag) (8) . The contents of the containers are ordinarily separated by a built-in stopper or valve (25) (Figure 1 ). [Instead of the two separate containers, a two-compartment plastic bag can also be used (9) ]. By detaching the built-in stopper or valve from the outside, the two solutions are mixed to form the final dialysate without exposure to air.
The "acid" solution consists of sodium, calcium, and magnesium chlorides; acetic acid; and glucose. It is so designed that after mixing with the sodium bicarbonate solution, the final dialysate will contain (in millimoles/L): 132 of sodium, 1.75 of calcium, 0.5 of magnesium, 91 of chloride, 40 of bicarbonate, 3.5 of acetate and 139 of glucose.
The pH is about 7.33 and the PC02, 75 mm Hg. The component solutions are mixed immediately before the final dialysate is used. Acid-base values of the final dialysate are stable for at least 12 hours, provided the dialysate is kept in a sealed plastic bag (8) .
This technique is suitable for intermittent (manual variety) and continuous cyclic peritoneal dialysis. Equal volumes of "acid" and sodium bicarbonate solutions are kept in identical containers. Plastic tubings leading from the container are compressed by a roller pump so as to delivery equal quantities of solutions to produce on-line the final dialysate (7) (Figure 2 ). The two solutions are constituted in such a way that the composition of the final dialysate so produced is similar to that prepared by the single-container method. 
Three-stream Method Using Dialysate Concentrates
This method is ideal for intermittent peritoneal dialysis using automated dialysate delivery machines (26) . The technique (Figure 3) is similar to the threestream, on-line technique employed for hemodialysis At present, the component solutions required to make sterile, bicarbonate-buffered peritoneal dialysate have to be prepared locally by individual medical centers. It is hoped that these solutions will soon become commercially available. described above. The final dialysate so produced is similar to those prepared by the above two other methods (6) .
CLINICAL EXPERIENCE WITH BICARBONATE-BUFFERED PERITONEAL DIALYSIS
The pioneers of peritoneal dialysis stored the fluid used for manual intermittent dialysis in large (5 to 28 liter) containers (3, 4) . They had to use bicarbonate, because lactate and acetate had not been discovered as useful substitutes (1) (2) (3) . Before mixing the "acid" and bicarbonate-containing solutions, they had to steril ize them in their own centers in separate containers that were often exposed to air. They also had to freshly prepare each containerful of dialysate, because bicarbonatebuffered dialysate could not be stored unless the container was hermetically sealed. Despite these difficulties, many patients were dialyzed successfully with bicarbonate-containing dialysates (1, 2) .
More recently, several investigators (12-14) performed bicarbonate-buffered peritoneal dialysis both in infants and in adults with lactic acidosis. These investigators used a batch-prepared, bicarbonate-buffered dialysate that did not contain calcium. The latter was infused intravenously as needed (13) .
We have treated uremic patients with bicarbonate-buffered peritoneal dialysate produced by each of the three improved methods described above (27) (28) (29) . Using our preparation methods, calcium and magnesium are in the dialysate, and separate infusion of these cations is unnecessary. We obtained expected changes in blood levels of urea nitrogen, creatinine, potassium, calcium, magnesium, bicarbonate, PC02 and pH. Our nursing and technical staff have found the techniques to be simple,
